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ABSTRACT

The knowledge of a subject evolves in time due éamyrfactors,
such as better understanding, study of additiosmlas within
the same subject, study of related work from othemes, etc.
This can be achieved by individual work, direct pemtion
with other people and, in general, knowledge slgarin this
context, and in the broader context of knowledge
communication, the appropriate organisation of doentation
plays a fundamental role, but is often very diffico achieve.

A layered architecture is here proposed for theelibpment of a
structured repository of documentation, here calteniviedge-
bibliography KB. The process of knowledge acquisition,
evolution and communication is firstly consideretlen the
distributed nature of nowadays knowledge and thgswtis
shared and transferred are taken into account.h®rbasis of
the above considerations, a possible clusterirdpofimentation
collected by many people is defined. An LDAP-based
architecture for the implementation of this struetus also
discussed.

Keywords: Knowledge Evolution, Layered Architectures,
Acquisition and Documentation, Sharing and Tramsfgr
Knowledge-Bibliography, LDAP Architectures

1. INTRODUCTION

Most nowadays activities are based on the synefgsnany

different personal experiences and backgroundscehdahe

process of communication has become an essentianstone
of the advancement of knowledge. A wide experieicea

certain subject involves many aspects, such asompairs
theoretical and practical skills, insights arisifigm different

sources and so on. This material can be documeated
formalised in many heterogeneous ways and memorised
different kinds of media or, on the contrary, indae neither
documented nor formalised at all. As a consequeaumyledge

transfer [1, 2, 3, 4, 5] is a very complex processyhich the

Internet and real-time communications play two tasetical

roles: on the one hand, they make information kighhd

quickly available; on the other hand, they incretimeneed to
properly organise this unlimited material and mékavailable

in a structured, simple and meaningful layout. Maafforts

have been made on this subject, some of whom céouinel in

[6,7,8,9].

In this paper a layered architecture is discussedHe study
and development of a user-friendly multimediowledge-
bibliography (KB) on a specific subject and its related ones.
This model is based on some basic consideratiotiseimemes
for representing the process of knowledge acqaisitvolution
and communication by a single person or by manypigeo
together. An LDAP scheme is proposed for developing
resulting structure.
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2. THE PROPOSED MODEL

The main requirement of the knowledge-bibliograpbyto

provide a huge and structured variety of documantabn a
specific subject and links to related issues. Furttore, some
main contacts deriving from direct communication ather

types of learning and information sharing shoulddpesented,
in order to allow people find the experts in thésemes. Such
structure should also be easily shared and exteratet

possibly, integrated in a broader architecture a@ioirig a wide
range of different subjects.

This kind of structure can arise from the joint waf many

people and, in all probability, from the integratiof the

documentation that each of them has been collecieg time.

It must be noticed that the way a person orgarasesjudges
the relevance of some material is very subjecthgefar as the
organisation is concerned, a sort of layout co@dnbposed, as
it happens in papers and books. On the contranfaass

relevance is concerned, it is almost impossibled (amybe
absolutely unfair) to leave aside personal opiniogen if

many criteria have been stated (see for instanfe 11, 12,

13)).

Far from expecting to solve this very difficult ptem, this
paper presents some simple schemes that lead fr@process
of learning to the process of communicating, ineortb give
some guidelines for creating a well organised dauation.
This documentation arises from many different sesrand
persons and is translated into a common format.

A Layered Architecture for the Knowledge-Bibliography

Many representations of knowledge by means of grdmve
been developed, among whom [14, 15, 16, 17, 18 Th
perspective of the proposed architecture is comeation and
cooperation of many people about a certain subgact person
owning a personal knowledge. Adopting a layeredplgra
representation, the top layer refers to subjebisniddle layer
refers to people and the bottom layer represemtkitiowledge

of each person on a specific subject. Each layer ba
composed of many items, which can also be intenected.

This type of representation is known ksyered knowledge
architecture (LK architecture) and it is used in many
application fields, ranging from path planning itrustured
environments to software engineering, the semanéb and
many others [19, 20, 21, 22, 23]. Let us desctileeltK model
by means of an example, in order to adapt it to punpose
afterwards. Suppose you must describe an offica palace
with three floors, each floor containing some rocamsl each
room containing some office furniture, such as haiables,
lamps, PCs, etc. In the LK formalism, the officerépresented
by a multi-level graph. At the bottom level, nhamsanbolic
layer, the nodesléndmarks) are the pieces of furniture and the
edges routes) are the physical paths among them. Higher level
layers can be defined byggregation, generalization or
classification. In the example, the first layer can be obtaingd b
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aggregation, clustering the furniture of the samem. The
second knowledge layerl-€lustered layer) is obtained by
aggregation into rooms. The 1-clustered layer isth graph
whose nodes are the rooms of the palace and whilgss are
the paths connecting the rooms. In the same wag,2th
clustered layer is obtained by aggregating the rooms of the
same floor. In this way a graph is obtained whasges are the
floors of the palace and whose edges are the .stairthe 3-
clustered layer all the floors are aggregated in a single node
representing the whole office.

As far as the knowledge-bibliography is concerntt LK
architecture is here slightly generalised and wagsfollows
(Fig. 1): the symbolic layer contains the documgotaitems
kj, which can be clustered together if they belongttie
knowledge scope of a certain person and thus defieel-

clustered layer. Each item can, of course, belamgmnany
different clusters. The people that share a comimtarest in
the specific subject define the 2-clustered lajany levels of
detail can be defined by creating further layetastering by
sub-areas and so on.

In order to underline each person’'s contribute in a
straightforward way, this representation must bdiaity
simplified by hiding the links among the nodes begiog to
each level. In particular, the links among the moaé the
symbolic layers that belong to different clustems hidden and

so are the links among people. In this way, sonsdepential
nodes and paths are imposed to the initial grathq}; leading
thus to a tree structure. A similar approach canfdumd in
many pruning techniques and in [24].

subject layer

kin

k11 — k12 1 — o
L L k2t | L

people layer

k31 knowledge

layer
k3l

Fig. 1: basic 3-layer clustered architecture far khowledge-bibliography

subject layer

knowledge 1

knowledge 2

people layer

personal

knowledge n knowledge

layer

Fig. 2: the knowledge-bibliography structure frame wiewpoint of personal knowledge

In order to define this structure in detail, thédwing steps are
taken into account:

(a) First, the viewpoint of a single person on a single
subject is considered

(b) This person collects his/her documentation on this
subject and consequently buildpartial knowledge-
bibliography (PKB), which arises from his/her cluster
in the personal knowledge layer

(c) Due to the process of learning and knowledge
communication among people involved in the same
area, the personal knowledge evolves, and so does
each partial knowledge-bibliography.
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Further steps (maybe the most difficult ones) defrom the
following considerations:

(d) Steps (a), (b), (c) lead to a network of partial
knowledge-bibliography units

(e) Efforts ought to be made through cooperation and
knowledge communication in order to make a
knowledge-bibliography (KB) on the subject or, best
on a knowledge area

(f) Step (e) could be used to create a higher levelorkt
of different related knowledge areas.

Steps (a), (b), (c) will be discussed in the follogvsubsections.
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How documentation can evolve
evolution and communication

Let us consider a single persop @single subject;Sand Fs
partial knowledge-bibliography PKB The process of
knowledge acquisition, evolution and communicatgtarts at
the knowledge state st; and can be roughly depicted as shown in
Fig. 3: R acquires information about; $rom some initial
sources, then the process of learning startsa® produce both
digital documentation and non-documented knowleghgetial
bibliography base) and can communicate them afterwards. The
non-documented knowledge can be made of inforntied tnd

through knowledge

=) Gom) )

initial
soLrces

documentation

non-documented ™, s
knowledge :

ideas, hard-copies, further material or can evereberded into
obsolete digital media.;Bhould make an effort in order to
translate the non-documented knowledge into aalifitrmat,
via voice recording, notes, schemes, scanning tapies and
S0 on.

The architecture in Fig. 3 evolves in time as shawhig. 4 and
so does the documentation: the communication psoisslf
and the (consequent or not) acquisition of furtheraterial
restart the learning process and lead from stateéosstate st2,
causing thus the evolution and enlargement of theigh
bibliography base block.

digital

communication

III..IIIIIII!!!..DIpﬂ’IU‘d!;

bibliography
base

Fig. 3: from the initial sources to documentatiol @ommunicationkhowledge state st; of B on )
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Fig. 4: knowledge evolution for; Bn Sfrom st to sb, etc.

Let us now discuss each of these blocks in moraild€irst of
all, the learning block can be analysed as showhidgn 5, in
order to classify the phases of knowledge evolutitme
knowledge sources can be acquired and analyselréy main
means: individual work, direct cooperation with plkeo
involved in the same subject or communication anovKedge
sharing in general. This stage of knowledge praegssan
evolve in the study of related subjects or in atdret
understanding of the original sources, which caw ahteract
and improve knowledge.

As far as the other blocks are concerned, thealrsburces can
be of many kinds: informal talks and ideas, nostgles and
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papers from lectures, workshops or conferenceskdygournals
and so on, and should also contribute to the pénitifiography.
The partial bibliography block, that will be disses in more
detail in the next subsection, can be roughly diassin more
or less the same way and needs to be collectedtandured on
the basis of precise criteria, leading non-orgahisaterial to a
structured layout (Fig. 6). The same applies to dbgct of
communication and further material. The communicati
modalities are those proper of every kind of coapen,
ranging from papers, books, direct face to fackstalectures
and presentations, to real-time communication ndditional or
broad-band services for cooperative work.
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Fig. 5: learning evolution block

person Pi
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of the material
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Fig. 6: organising material to build a partial sigiraphy

These considerations are the bases of the propwshdecture
for the partial knowledge bibliography aboythy a person P
In particular, the following features have beerlinat!:

[1] source documentation of many heterogeneous types is

initially selected

[2] P, produces documentation of many heterogeneous

types and non-documented knowledge

[3] Pi organises his documentation using a structured

digital model and layout, and tries to integrats hi
non-documented knowledge in such model

[4] During the learning process, Bnds other people
(authors, lecturers, colleagues, etc.) involvedtha
subject

(5]

(6]

The process of learning evolves, improves knowledge
leads to the study of related subjects, enriches an
refine the documentation

The communication process also broadens, deepens
and improves knowledge, and gives raise to links

among people involved in; 8nd make it necessary to
revise the documentation

On the basis of these features, let us now invagtipow the
knowledge-bibliography can be defined. First, thracture of a
partial-knowledge-bibliography and a possible impatation
is defined. Then, the linking are depicted of marartial-
knowledge-bibliographies made by different persams the
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same subject, in order to build a knowledge-bibtpdy on
that subject. Finally, the possibility is addressé creating a
higher-level clustered-layer containing many difersubjects.

The Architecture for the Partial-Knowledge-Bibliography
The considerations in paragraph 2.2 will now berfalised in
order to define a possible structure for the phakiowledge
bibliography. We suggest LDAR.ightweight Directory Access
Protocal) [25, 26, 27] should be adopted, which providethlzo
modelling and an implementation tool, and we wifer
directly to such structure. LDAP is used in an @aging
number of applications, including enterprise daseka
databases for storing network configuration infaiora and
service policy rules, storage of authenticatioresudnd many
others. LDAP is optimised for reading operatiomsitcould be
very suitable for storing and managing bibliograshi
Furthermore, the LDAP data model uses a hieraréltjasses,
each class described by single-valued or multiedlattributes.
This tree structure allows to organise and navidata in a very
efficient, simple and user-friendly way. FurthereolLDAP
schemes can be very easily changed and extendedién to
add new attributes and new classes. These opesationthe
contrary, would be very time-consuming if tradittbrdatabase
systems were used. This feature can be very uselfidn
designing a knowledge bibliography: as a mattefacf, new
objects and new attributes are very likely to bedified or
added, due to new needs, merged experiences ocovepENtS
made by the people who are developing it. LDAP alase built
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for distributed environments, so it suits the distred location
of documentation very well.

The knowledge that a person acquires on a speifiject can
be organized in an LDAP tree as shown in Fig. @: @Hevel
class describes theubject in general; the 1-level classes
represent respectively ttseurce documentation, the produced
documentation, the non-documented material, expert people
found during the learning and communicating pro@ess some
related subjects. The legenda of classes and attributes is detailed
in Tab. 1 and describes the only attributes wheseastics can
be ambiguous. It must be noticed that the multisedlattributes
contacts andlinks keep track of the links among documentation,
authors and experts, related subjects and so on.

Even if many other types of classifications haverbmade and
are available on the Internet, the aim of this peab is to define
a possible common structure for partial bibliogiephas a basis
for a creating a knowledge-bibliography on the odered
subject.

Let us now thus face the problem of defining a camm
knowledge-bibliography from many partial ones.

Building a Knowledge-Bibliography by Merging Partial
Bibliographies

Let us consider two people #d Pm who have prepared their
own partial knowledge bibliographies PK&nd PKR, on the
subject § It is assumed that and PKBshare the layout
discussed in paragraph 2.3. Even if the structsirthé same,
PKB, and PKB, are bound to differ from many points of view:
for instance, they can share some documentatioopl@eand
related subjects. In this case, especially wherrgd®ns and
personal judgements are concerned, such as relevatate of
the art, important links and so on, &d B, must reach a
common agreement or, at least, not add too mangtgpaif
view. As far as the sources (such as links to alkel material,
related subjects and contacts) are concerned,st breidecided
to leave them all or select some of them. Other asgim
problems, such as homonyms, synonyms, differefgsshould
also be solved. On the basis of these considemtibe basic
architecture for merging partial bibliographiesdspicted in
Fig. 8, with respect to PKBand PKB, The general case of
merging many partial bibliographies is far morefidifit: if
many people do it simultaneously, the schema in &igan be
used. If further partial bibliographies are addedel, the
process is asynchronous and some coordinator sigoide the
integration.

subject

title
disciplinary area

description
keywords
source documentation produced documentation non-documented mat. people related subjects
title title type name title
author/s author/s description surname disciplinary area
sub-area sub-area contribution to the state of the art title description
short description short description contacts (m.v.) affiliation keywords
keywords keywords links (m.v.) activities (m.v.) contacts (m.v.)
relevance contribution to the state of the art e-mail links {m.v.)
media media website
where it is available where it is available other contacts
contacts (m.v.) contacts (m.v.)
links {(m.v.) links (m.v.)
Fig. 7: an LDAP structure for the partial knowledgbliography
class attributes description
subject title, disciplinary area, description, keyds
source title, author/s,
documentation | sub-area specific area within the subject
short description, keywords,
relevance personal opinion of the person on the material
media type of document and store: video-conference stoned
a dvd, etc.
where it is available url, private archive, etc.
contacts (multivalued) people related or cited
links (multivalued) suggested and other related links
produced title, author/s,
documentation sub-area as above
20 SYSTEMICS, CYBERNETICS AND INFORMATICS VOLUME5 - NUMBER 3 ISSN: 1690-4524



short description, keywords,
contribution to the state of the art

links (multivalued)

media, where it is available, contacts (multivaljed | as above

personal opinion of the person on his own contiityut

non-documented-| type

note, ideas, informal talks, drawings, etc.

activities (multivalued),
e-mail, websites, other contacts

material description, contribution to the state of the eoijtacty as above
(multivalued) , links (multivalued)
people name, surname, title, affiliation,

specific interests in the subject

related subjects title, disciplinary area, deswipkeywords
contacts (multivalued)

links (multivalued)

people related or cited
sites referring to related subjects

Tab. 1: classes and attributes of the partial kedge bibliography

T

some hints:

1. reach an agreement on personal judgements or select a few significant ones
2. select the sources, where to find them, links and contacts
3. solve homonyms, synonyms, adopt a common style

‘ communication and cooperation ‘

10}

Fig. 8: merging two partial knowledge bibliographie

Clustering Knowledge-Bibliographies

A straightforward way to represent (not to makehynaubjects
and their own knowledge bibliographies is to coraekoto the
layered graph model. Let us define a node as thpleo(S,
KB;), where $ is a subject and KBis its knowledge
bibliography. Each edge is labelled with the degimn of the
correlation.

The subjects can be clustered on the basis ofwheih: topics,
sub-areas, area. For instance, in the databask frelational
databases” is a subject, “temporal databases’sisbaarea and
“temporal SQL” is a topic. The symbolic layer cdantatopics,
which can be clustered together if they belonchtogame sub-
area, the 1-clustered layer contains sub-areasshwban be
clustered together if they belong to the subjeatl dime 2-
clustered layer contains subjects. Each item, ageam be
linked to many different clusters and further lsvef detail can
also be defined.

3. CONCLUSIONS
In this paper some early architectures and methedse

presented for the definition of a uniform biblioghy on a
subject. An LDAP-architecture was suggested fordéfnition
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of apartial bibliography made by a single person. Some early
guidelines were stated for merging partial biblayghies into a
common one. Further work will be devoted to theirdédn of
protocols for the precise merging of documentatiomgrder to
define a method for building a “global” and easily-
understandable knowledge-bibliography. This stmectaust be
shared by anyone via the Internet and also refimecdding
new documentation on the basis of specific layouts.
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